INTRODUCTION {#sec1-1}
============

Today, advances in adhesive technology lead to an increase in the use of composite resin. Composite resins, especially preferred in the anterior region, are also used frequently as an alternative posterior restorative material depending on the increasing demand for esthetic restorations. However, despite advances in formulation of composite resins including different particle size, shape, and monomer type introduced with the aim of improving their physical and mechanical properties, microleakage is still seen as one of the most cited reasons for failure of resin composite restorations.\[[@ref1]\]

Microleakage is defined as the penetration of various ions, liquids, microorganisms, and molecules between the restorative material and cavity walls. Factors causing microleakage include inadequate adhesion and thermal expansion coefficient differences between tooth and restorative material, polymerization shrinkage stress, and inadequate moisture control.\[[@ref2][@ref3][@ref4]\] In addition, the main clinical signs associated with the microleakage are postoperative sensitivity, marginal discoloration, secondary caries, and pulpal inflammation.\[[@ref2][@ref4][@ref5][@ref6]\]

Various methods have been suggested to minimize the occurrence of microleakage at tooth/restoration interface in studies up to now.\[[@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13]\] Nowadays, a material named as restorative covering agents or surface sealants can be considered as an alternative for this purpose as well.\[[@ref7][@ref14]\] Surface sealants are polymerizable materials and contain enhanced formulations, including unfilled resins and other low molecular weight monomers (bisphenol-a glycidyl methacrylate, urethane dimethacrylate, and three ethylene glycol dimethacrylate) as well as extremely efficient photoinitiators and other modifiers.\[[@ref1][@ref7][@ref14]\] Recently, filler particles were also added to some surface sealants to improve the mechanical properties.\[[@ref1][@ref15]\]

Surface sealants, applied over the cavosurface margins of the finished restorations, penetrate to the structural microdefects formed during finishing and polishing procedures and the marginal gaps by capillary action.\[[@ref1][@ref7][@ref14][@ref16]\] Hence, this effect can reduce microleakage by improving marginal sealing. *In vitro* studies have revealed that low viscosity, high flow rate, and high wettability properties are important requirements to provide the penetration (fluidity) onto material subsurface microstructure and good clinical performance for surface sealants.\[[@ref1][@ref7][@ref14][@ref17][@ref18]\]

Beside these effects, low-viscosity surface sealants are used to increase the abrasion resistance and the integrity of the restoration by penetrating to the microgaps on restoration surface. Also, properties such as maintaining the color stability of the restoration by reducing plaque accumulation and preventing the adhesion of coloring pigments on composite restorations, facilitating the cleaning of the restoration by reducing surface roughness, and enhancing the brightness of the restoration can be considered as other advantages of surface sealants.\[[@ref1][@ref7][@ref17][@ref19][@ref20]\]

There are some studies that examine the effects of these products on microleakage. As it is seen, inconsistent results about eliminating microleakage had been acquired from these studies. While some of these studies indicated that the application of surface sealants effectively decreased microleakage,\[[@ref14][@ref21][@ref22][@ref23]\] some of them reported that the application of surface sealants could not eliminate microleakage completely.\[[@ref1][@ref7][@ref16]\] Consequently, it is recommended that further studies should be conducted to evaluate new materials and ensure the effects of these materials on microleakage with the aim of confirming the use of these materials in clinical routine. To the best of our knowledge, no information is available in the literature regarding the effect of surface sealants with different filler content on microleakage of resin restorations.

Therefore, the purpose of this study was to evaluate the marginal sealing ability of composite surface sealers including different filler content applied to Class V composite resin restorations, as well as comparing a control unsealed group. The null hypothesis was that the effect of surface sealants on microleakage would not differ according to the different filler content.

MATERIALS AND METHODS {#sec1-2}
=====================

Forty-eight extracted human mandibular third molars without caries, cracks, and fractures were used for this study. They were cleaned to remove calculus, soft tissue, and other debris using a periodontal scaling instrument. In each group, 24 Class V cavities were prepared on the buccal and lingual surfaces of the teeth with the coronal margins located in enamel and the cervical margins located in cementum (dentin). The cervical margins were located 1 mm apically to the cementoenamel junction level in dentin/cementum. The preparations were cut with a diamond bur in a high-speed handpiece cooled with an air-water spray. Cavity dimensions (3.0 mm in occlusogingival direction, 4.0 mm in mesiodistal direction, and 1.5 mm in depth) were measured with a periodontal probe to maintain standardization. No beveling was applied. One operator prepared all cavities to ensure a calibrated size and depth. After five preparations, the used bur was discarded and a new one was selected. After cavity preparation, a two-step self-etch adhesive system (Clearfil SE Bond, Kuraray, Tokyo, Japan) was applied to all cavities according to the manufacturers\' instructions \[[Table 1](#T1){ref-type="table"}\]. Primer was applied to the entire cavity wall and was left for 20 s. After conditioning the tooth surface 20 s, the cavity was exposed to a mild oil-free air stream. Following the primer procedures, bond was applied to the entire surface of the cavity obtaining the bond film as uniform as possible using a gentle oil-free air stream. The tooth surfaces were polymerized with a conventional halogen light-curing unit (Demetron LC, Kerr, Orange, CA, USA) for 20 s. The composite resin (Clearfil Majesty ES-2, Kuraray, Tokyo, Japan) was inserted in a single increment and light cured for 40 s (Demetron LC, Kerr, Orange, CA, USA). Following restorations, all teeth were stored in distilled water at 37°C for 24 h before finishing/polishing and application of surface covering. The restorations were then finished/polished with Sof-Lex (3M-ESPE, St. Paul, MN, USA) flexible aluminum oxide disks of decreasing abrasiveness (coarse to superfine).

###### 

The materials used in the study
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The specimens were randomly assigned to four groups with 12 teeth each according to different surface sealers applied: Fortify (Bisco) group, Fortify Plus (Bisco) group, G-Coat Plus group (GC), and Control group. The composite surface sealers used are listed in [Table 1](#T1){ref-type="table"}. All covering agents were applied according to the manufacturer\'s recommendations.

Group 1 (Fortify) {#sec2-1}
-----------------

The entire surface of the restoration and approximately 1--2 mm beyond the tooth/restoration margin were conditioned with 37% phosphoric acid for 20 s, followed by rinsing with copious amounts of water and drying. One thin coat of Fortify was applied to the restoration/tooth surfaces, gently air-thinned, and light cured for 10 s.

Group 2 (Fortify Plus) {#sec2-2}
----------------------

The entire surface of the restoration and approximately 1--2 mm beyond the tooth/restoration margin were conditioned with 37% phosphoric acid for 20 s, followed by rinsing with copious amounts of water and drying. One thin layer of Fortify Plus was applied to the restoration/tooth surfaces, gently air-thinned, and light cured for 10 s

Group 3 (G-Coat Plus) {#sec2-3}
---------------------

One coat of G-Coat was applied to the restoration/tooth surfaces and light cured for 20 s.

Group 4 (Control) {#sec2-4}
-----------------

Control group received no surface protection material.

The restored teeth were subjected to artificial aging by thermocycling. All specimens were immersed in water baths at 5°C and 55°C for 500 cycles, with a dwell time of 30 s in each bath and a transfer time of 10 s. The root apices were sealed with acrylic resin, and two coats of nail varnish were applied to the entire tooth surface, leaving a 1.0-mm window around the restoration margins. The teeth were then immersed in a 0.5% basic fuchsine solution (Merck KGaA, Darmstadt, Germany) for 24 h at room temperature. The teeth were rinsed under tap water and air dried. The nail varnish was removed and the roots of the teeth were embedded in an acrylic resin. Afterward, the specimens were sectioned longitudinally through the center of the restoration in buccolingual direction with a water-cooled low-speed precision cutter (Micracut 125, Metkon, Bursa, Turkey) and diamond saw (Dimos, Metkon, Bursa, Turkey). Two sections were obtained from each restoration.

Each section was examined at ×20 magnification using a stereomicroscope (S4E, Leica Microsystems, Wetzlar, Germany) by two previously calibrated independent evaluators separately under the same conditions (light, temperature, and localization). The evaluators were instructed about the evaluation criteria before observation. If there were disagreements in scores, consensus was obtained between evaluators. Photographs were taken from each section with a camera of stereomicroscope (D-Lux 3, Leica, Wetzlar, Germany). The degree of leakage was determined as follows:\[[@ref1][@ref14]\]

0 = No dye penetration1 = Dye penetration up to one-half of the extension of the cavity wall2 = Dye penetration greater than one-half of the extension of the cavity wall, not including the axial surface3 = Dye penetration greater than one-half of the extension of the cavity wall, including the axial surface.

Statistical analysis {#sec2-5}
--------------------

Statistical analysis of the results at the coronal (enamel) and gingival (dentin) margins separately among the treatment groups was performed with nonparametric test method, using the Kruskal--Wallis test.

One of the multiple comparison methods, Bonferroni--Dunn, was used to determine the difference between the average ranks of groups. All statistical tests were performed at a *P* \< 0.05 level of significance.

RESULTS {#sec1-3}
=======

Microleakage scores between the groups at the enamel margins were analyzed separately for the buccal and lingual surfaces. While the leakage was observed only in one tooth in Control group, there was no dye penetration in the first three groups in the lingual surface. A statistical assessment could not be done due to the absence of microleakage in the three groups. In buccal surface, there was no dye penetration at both the GC-Coat Plus and Control groups. Moreover, in Fortify and Fortify Plus groups, the leakage was observed only in one tooth. Also, a statistical evaluation could not be done in this case because there is no leakage in the two groups. [Table 2](#T2){ref-type="table"} lists the distribution of microleakage scores at the coronal and gingival margin locations in each surface.

###### 

The distribution of microleakage scores at the coronal and gingival margin locations in each surface
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At the gingival margins, none of the studied groups were capable to completely eliminating marginal microleakage. Microleakage scores between the groups at the dentin margins were evaluated separately in terms of buccal and lingual surfaces as well. The differences between the average ranks of the groups, obtained by the Kruskal--Wallis test, were examined. Statistical analysis (Kruskal--Wallis) revealed significant differences (*P* \< 0.05) between the groups at gingival margins in lingual surface. The results of comparison of the groups performed with Bonferroni--Dunn test are shown in [Table 3](#T3){ref-type="table"}. Fortify and GC-Coat Plus groups showed significantly less leakage than the Control group and the Fortify Plus group \[P \< 0.05, [Table 3](#T3){ref-type="table"}\].

###### 

Results of the statistical analysis at gingival margins in lingual surface
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There were differences between the groups at gingival margin in buccal surfaces but the differences between the average ranks of groups were not statistically significant (*P* \> 0.05, Kruskal--Wallis).

DISCUSSION {#sec1-4}
==========

The results of this study showed that all surface sealants tested produced the similar results at enamel margins, but dentin margins demonstrated different leakage patterns according to different types of sealant material. Thus the null hypothesis was rejected.

In restorative dentistry, microleakage due to the deterioration of marginal adaptation has been reported to be one of the main reasons for restorations failure. An optimal marginal seal is an essential factor for the longevity of the restorations.\[[@ref8]\] Therefore, the present study investigated different surface sealants effectiveness on the marginal seal of the Class V restorations.

Microleakage tests are useful methods for evaluating the sealing ability of the materials.\[[@ref24][@ref25][@ref26][@ref27]\] Among different methods employed, dye penetration method can be seen as the most commonly used method due to ease of application and reliable results.\[[@ref25][@ref27][@ref28]\] Also, this method may determine the predicted performance of materials and the extension of marginal gaps toward the axial wall of the restorations.\[[@ref24][@ref25][@ref26][@ref27]\]

In theory, composite surface sealants have been proposed to improve the marginal integrity of a composite resin restoration and to minimize or prevent the microleakage. The application of a low-viscosity resin over the margins of a restoration could penetrate deeply into microgaps as well into surface microdefects.\[[@ref14][@ref16][@ref18]\] However, to be effective and satisfactory, the surface sealants must present good wetting properties, low contact angle, the viscosity to flow into small defects of the restoration, and the surface tension be equal to or less than the critical surface tension of the restoration/tooth structure.\[[@ref7][@ref14][@ref16]\]

In the present study, to improve the effectiveness of surface sealants and decrease the formation of microgaps, restorations were polished before coating application but not immediately after restoration. Restorations were subjected to delayed polishing procedure. Irie *et al*. reported that the immediate polishing of composite Class V restorations resulted in an increase of interfacial gaps compared to delayed polishing.\[[@ref29]\] Also, according to Magni *et al*., the immediate removal of excess of restorative material at the restoration margins through polishing could result in the increase of marginal gaps, which are subsequently infiltrated and filled by the coating material, thus explaining the significant improvement of the marginal seal observed in the polished groups after coating.\[[@ref8]\]

In this study, different materials were chosen to evaluate how their composition and physical characteristics influenced the fluidity and penetrability, thus preventing microleakage. The results of this study showed that none of the materials tested were completely resistant to dye penetration (leakage) at the dentin margins. This result was expected due to the complex nature of dentin and was in agreement with the similar studies, whereby decreased permeability and increased sealing ability was observed at the enamel margins.\[[@ref1][@ref14][@ref16]\] It was found that the groups treated with Fortify and G-Coat Plus presented the lowest degree of microleakage while the control (without treatment) group and the group treated with Fortify Plus presented the highest microleakage scores at the dentin margins. In general, Fortify and Fortify Plus have the same application procedure and both groups were subjected to etching treatment. Different opinions were reported about the effect of acid etching treatment on the microgaps and the formation of microleakage in literature. It was reported that the existing microdefects and microgaps filled with composite resin smear during finishing procedures may be exposed partially by the etching procedure.\[[@ref13][@ref16]\] On the other hand, in some studies, it has been demonstrated that etched, clean, and dry surface demonstrates an ideal environment for penetration of surface sealants into the marginal gap and favorable wetting properties by permitting achievement of higher levels of critical surface tensions.\[[@ref7][@ref14]\] In accordance with these results, it can be concluded that acid etching might be performed positive impact on sealing ability of surface sealant. However, keep in mind that viscosity of the materials is another important factor effecting penetrability, wettability, and sealing properties. In addition, sealants and bonding agents can contain filler particles and opaquers that decrease fluidity of the material with a reduction in wettability of the prepared surfaces.\[[@ref14]\] It is considered that Fortify Plus can be inadequate on the sealing ability by reduced viscosity and fluidity due to microsized filler composition according to Fortify.

In a study by dos Santos *et al*., assessing the effects of surface sealants and dentin adhesive systems on microleakage, similar results with our study were observed. They found that Fortify presented lower microleakage values than Fortify Plus and adhesive systems.\[[@ref21]\] However, there were also many other microleakage studies reporting a better seal produced by Fortify compared to other low-viscosity resins and adhesive systems.\[[@ref22][@ref23][@ref30]\]

Due to the composition of the materials used in this study, it might have been expected that the nanofilled surface sealant might have shown less leakage compared to the microfilled surface sealant. However, possible reasons for the reduced microleakage values associated with the G-Coat Plus may be more effective than Fortify Plus about sealing of microgaps due to including a nanosized filler particle in its resin matrix formula. In a microleakage study, evaluating the effect of protective coating on marginal integrity of nanohybrid composite during bleaching with carbamide peroxide, it was determined that the amount of microleakage due to carbamide peroxide bleaching in tooth without coating is more when compared with bleaching done with the application of G-Coat Plus. Similar to our study, significant reduction in microleakage was seen in groups with G-Coat Plus when compared to other groups.\[[@ref31]\]

CONCLUSION {#sec1-5}
==========

Within the limitations of our study, it can be stated that the sealing effect of a surface sealants on microleakage would differ according to the variation in composition and viscosity of the used materials. All surface sealants used in this study eliminated microleakage at enamel margins. Moreover, unfilled or nanofilled surface sealants were the most effective in decreasing the degree of marginal microleakage at dentin margins. Consequently, unfilled or nanofilled surface sealants may be preferred to diminish microleakage for clinicians.

Although *in vitro* studies provide less reliable evidence than *in vivo* studies, these microleakage studies can be used as a part of an *in vitro* preassesment of new materials. Also, further clinical studies should be performed to determine the longevity of sealing ability of these materials.
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